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(54) Suspension arrangement, steering linkage arrangement and method for providing variable 
wheel track 



(57) The invention relates to a method for wheel 
track adjustment for a steerable vehicle wheel arrange- 
ment, which arrangement includes a steering actuating 
mechanism, a controllable lever arm (20) having a pivot 
on a suspension control arm (10), which control arm is 
pivotably attached to the vehicle at a first end and is pro- 
vided with a ball joint (1 1 ) that is pivotably attached to a 
wheel hub (2, 3) at a second end, and a pair of connect- 
ing rods (23, 24) pivotably connected to the lever arm 



(20) on opposite sides of the pivot of the lever arm (20) 
and to the wheel hub (2, 3) on opposite sides of the ball 
joint (1 1 ). Actuation of the lever arm (20) causes the con- 
necting rods (23, 24) to displace the ball joint (1 1 ) a pre- 
determined distance along an axis substantially trans- 
verse to a central longitudinal axis (X) of the vehicle, 
which distance is proportional to a vehicle wheel steer- 
ing angle (a,, a Q ). The invention further relates to a sus- 
pension arrangement for a steerable vehicle wheel and 
a steering linkage arrangement therefore. 
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Description 

TECHNICAL FIELD 

[0001] The invention relates to an arrangement and a 
method for wheel track adjustment for steerable wheels 
in a vehicle, in order to provide a turning circle radius 
reduction and improved cornering stability. 

BACKGROUND ART 

[0002] Modern passenger vehicles over a certain size 
are often provided with relatively large diameter wheels, 
which can give increased ride comfort and an improved 
fuel economy. At the same time there is a trend towards 
wider front drivetrain systems, usually in the form of 
transverse mounted engines, while the vehicle body has 
to remain as narrow as possible for aerodynamic rea- 
sons. As a result the available space for the wheels is 
decreased, which in turn decreases the maximum pos- 
sible steering angle of the front wheels. There is also a 
trend towards vehicles with longer wheel bases, often, 
but not necessarily, combined with a transverse mount- 
ed engine. This arrangement increases the available in- 
terior passenger space and improves ride comfort. How- 
ever, a long wheel base also increases the turning circle 
radius and may the problems caused by wheel size and 
drivetrain placement. 

[0003] A known solution to the above problems is the 
use of four-wheel steering. However, this requires steer- 
able rear wheels, which adds weight and complexity to 
the rear wheel suspension. Such a system also requires 
some form of computer control, as the steering behav- 
iour of the rear wheels must be varied in both magnitude 
and direction depending on vehicle speed and other pa- 
rameters. 

[0004] A further known solution involves braking the 
inside front wheel when turning at low speed. This will 
reduce the turning circle radius, but at the cost of in- 
creased tire wear. The maximum steering angle is not 
affected by this solution. The arrangement will also re- 
quire anti-locking brakes that can be computer control- 
led to brake individual wheels. 

[0005] A solution that allows the pivot position of the 
wheels to be adjusted to avoid interference with body 
components is known from GB 2 110 173-A. This ar- 
rangement discloses a mechanical linkage connecting 
the steerable wheels in such a way that the wheels are 
prevented from coming into contact with the outer fairing 
of the vehicle. However, as this involves moving the piv- 
ots of the respective wheels inwards, the wheel track is 
reduced during turning and cornering. Especially when 
cornering, a reduced wheel track may affect the han- 
dling characteristics of the vehicle. 
[0006] Hence, there exists a need for an arrangement 
that allows for increased steering angles combined with 
improved road handling 



DISCLOSURE OF INVENTION 

[0007] The problem of increasing the possible steer- 
ing angles for steerable wheels while maintaining, orim- 
5 proving, the road handling of a vehicle is solved by a 
suspension arrangement as claimed in claim 1 , a steer- 
ing linkage arrangement as claimed in claim 11 and a 
method as claimed in claim 21 . 

[0008] The invention relates to a method for wheel 
10 track adjustment for a steerable vehicle wheel arrange- 
ment. The arrangement includes a steering actuator and 
a steering actuating mechanism fortransferring steering 
movements from the steering actuator to a wheel hub. 
The steering actuating mechanism includes a controlla- 
15 ble lever arm having a pivot on a suspension control 
arm, which control arm is pivotably attached to the ve- 
hicle at a first end and is provided with a ball joint that 
is pivotably attached to a wheel hub at a second end. A 
pair of connecting rods are pivotably connected to the 
lever arm on opposite sides of the pivot of the lever arm 
and to the wheel hub on opposite sides of the ball joint. 
The lever arm is controlled by a steering actuation 
mechanism and causes the connecting rods to displace 
the ball joint a predetermined distance along an axis 
substantially transverse to a central longitudinal axis of 
the vehicle, which distance is proportional to a vehicle 
wheel steering angle. The displacement of the ball joints 
increases as the steering angle is increased. 
[0009] According to one embodiment, actuation of the 
lever arm causes the connecting rods to displace the 
ball joint in a direction away from the central longitudinal 
axis. In this way the vehicle wheel track is increased, in 
order to allow a increased steering angle and improve 
road handling during cornering. 
[0010] According to a further embodiment, the ball 
joint of an inner wheel is displaced a greater distance 
than an outer wheel. During certain conditions, such as 
a turning operation at low speed, when the steering an- 
gle is relatively large or at maximum, the inner and outer 
wheels will be placed at different radii relative to an im- 
aginary centre point. In order to reduce tyre wear it is 
advantageous to give the inner wheel a correspondingly 
greater steering angle. 

[0011] A wheel track adjustment arrangement for a 
steerable vehicle wheel to be used according to the 
above method is part of both the suspension and the 
steering linkage of the vehicle. The suspension arrange- 
ment includes a first control arm having an inner end 
attached to the vehicle and pivotable around an axis 
substantially parallel to a longitudinal axis of the vehicle 
and an outer end pivotably connected to a wheel hub 
via a ball joint. The first control arm is preferably ar- 
ranged as a lower control arm, whereby the suspension 
may be provided with a second, upper control arm at- 
tached between the vehicle and the wheel hub. A further 
suspension member may be attached between the ve- 
hicle and the wheel hub and arranged to suspend the 
vehicle and dampen vertical movement of said vehicle 
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wheel. This further.suspension member may be a stand- 
ard spiral spring and telescopic damper arrangement, 
or any other type of pneumatic or hydraulic damper. Ac- 
cording to the invention, the suspension preferably in- 
cludes a damper arrangement, while the second control 
arm is optional. The ball joint is displaceable a prede- 
termined distance along an axis substantially transverse 
to the longitudinal direction of the vehicle, which dis- 
tance is proportional to a vehicle wheel steering angle. 
[0012] According to a further embodiment, the ball 
joint is arranged to be axially slidable relative to the con- 
trol arm. According to an alternative embodiment, the 
ball joint is slidably attached to the control arm. In both 
cases, the ball joint and its attachment part may be se- 
cured to an outersurfaceofthecontrolarm, or be placed 
in a cavity therein. The ball joint may also be attached 
directly onto the control arm, whereby the control arm 
itself may have a moving part, such as a telescoping 
section 

[0013] The slidable attachment may be achieved by 
a number of different means. According to one embod- 
iment the ball joint may be slidably suspended in one or 
more rubber or elastomeric bushings, surrounding the 
attachment part wholly or in part. The bushing or bush- 
ings may be attached onto the attachment part or to the 
inner surface of the cavity in the control arm. This ar- 
rangement allows the ball joint and its attachment part 
to slide freely in the transverse direction of the vehicle. 
At the same time the resilient bushings allow a degree 
of movement perpendicular to said direction. 
[001 4] The displacement of the ball joint is controlled 
by a pair of substantially parallel connecting rods pivot- 
ably attached to the vehicle wheel hub on either side of 
the ball joint. The connecting rods are pivotably attached 
to and controlled by a common lever arm that is pivota- 
bly attached to the control arm. In addition, the connect- 
ing rods have a length between their respective pivots 
that exceeds the distance between the pivot of the lever 
arm and the ball joint. Said lever arm is controlled by a 
vehicle steering gear actuator. 

[0015] The combination of a resilient attachment and 
parallel connecting rods will contribute to an enhanced 
compliance of the suspension in the longitudinal direc- 
tion of the vehicle. The resilient bushing will allow the 
ball joint and wheel hub to yield in the longitudinal direc- 
tion when the tyre encounters an obstacle, such as a 
transverse tarmac edge. This will contribute to a more 
comfortable ride. 

[001 6] The movement of the ball joint is controlled by 
the connecting rods during actuation of the steering 
gear, so that the greatest displacement of the ball joint 
occurs at the maximum steering angle of the vehicle 
wheel. Preferably, the displacement of the ball joint 
causes an increase of the wheel track. The shape of the 
lever arm and the positions of the pivots of the connect- 
ing rods at the hub and the lever arm are symmetrically 
placed on either side of a vertical plane through the ball 
joint and the pivot of the lever arm. 



[0017] According to a further embodiment, the ball 
joint of an inner wheel may be displaced a greater dis- 
tance than an outer wheel. This is caused by the inner 
and outer wheels turning on different radii, as described 
5 above. 

[0018] According to a preferred embodiment, this is 
achieved by means of a so-called Ackerman steering. 
This is a double-pivoting steering system where the out- 
er ends of the steering arms are bent slightly inward so 

10 that when the vehicle is making a turn, the inside wheel 
will turn more sharply than the outer wheel. This is done 
to compensate for the greater distance the outside 
wheel must travel due to the difference in turning radii 
between the inner and the outer wheel. When the steer- 
's ing arms act on their respective lever arm, the above 
shape of said steering arms causes the inner wheel to 
turn through a greater steering angle than the outer 
wheel. The symmetrical arrangement of the lever arm 
and connecting rods will consequently displace the in- 

20 ner ball joint further out than the outer ball joint. 

[0019] According to an alternative embodiment, the 
linkage described above can be made slightly asymmet- 
rical. This can be achieved by altering the length of ei- 
ther of the connecting rods between their respective piv- 

25 ots. For instance, by extending the front connecting rods 
and their associated section of the lever arm, as seen 
in the main direction of travel of the vehicle, a suitable 
distance, the ball joint attached to the inner wheel would 
be pushed further out. Obviously, the same effect could 

30 be achieved by shortening the rear connecting rods and 
their associated section of the lever arm. An equal ac- 
tuation of the lever arms on either side will then cause 
a greater steering angle for the inner wheel, accompa- 
nied by a corresponding greater displacement of the in- 

35 nerball joint. This arrangement does not have to depend 
on the Ackerman steering principle to achieve unequal 
steering angles for the inner and outer wheels. 
[0020] According to a further embodiment, the attach- 
ment points of the ball joint and the connecting rods en- 

40 sures that the displacement of the ball joint also causes 
an adjustment of the camber angle of the vehicle wheel. 
The ball joint is preferably attached to a suspension con- 
trol arm and is attached to the wheel hub below an at- 
tachment point for a further control arm or suspension 

4 5 member. If the hub is supported by the lower control arm 
and a dampening suspension member, an outward dis- 
placement of the ball joint will pivot the wheel hub 
around a pivot located at a pivotable attachment point 
for the upper end of the suspension member. If the hub 

50 is additionally supported by an upper control arm, an 
outward displacement of the ball joint will instead pivot 
the wheel hub around a pivot located at a pivotable at- 
tachment point for the inner end of the upper control 
arm. The increase in the camber angle is dependent on 

55 the distance between the ball joint and said attachment 
point of said further control arm or suspension member 
at the vehicle. In addition to the improved stability 
caused by the increased wheel track, this will have a 
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positive effect on the dynamic handling of the vehicle 
during cornering. Especially for the outer wheel, this 
negative camber will counteract the tendency towards 
positive camber caused by the rolling movement of the 
vehicle during cornering or turning. 
[0021] As stated above, the wheel track adjustment 
arrangement to be used according to the above method 
is part of both the suspension and the steering linkage 
of the vehicle. The steering linkage arrangement in- 
cludes an actuating mechanism, the above mentioned 
controllable lever arm having a pivot on the suspension 
control arm, which control arm is pivotably attached to 
the vehicle at a first end and is provided with a ball joint 
that is pivotably attached to a wheel hub at a second 
end, and where a pair of connecting rods are pivotably 
connected to the lever arm on opposite sides of the pivot 
and to the wheel hub on opposite sides of the ball joint. 
When the actuating mechanism is operated, the ball 
joint is displaced a predetermined distance along an ax- 
is substantially transverse to the longitudinal direction 
of the vehicle, which distance is proportional to a vehicle 
wheel steering angle. The lever arm is preferably posi- 
tioned so that an axis substantially transverse to the lon- 
gitudinal axis of the vehicle intersects both the ball joint 
and the pivot of the lever arm. 

[0022] The actuating mechanism may comprise a 
steering arm actuated by a servo steering mechanism, 
which steering arm is then connected to the lever arm. 
Alternatively, the lever arm may be controlled by an elec- 
tric or a hydraulic motor. Depending on factors such as 
the force required to turn the vehicle wheel and/or pos- 
sible size limitations on the motor, said motor may ac- 
tuate the lever arm directly or via a steering arm. The 
latter arrangement would be preferable for a steer-by- 
wire vehicle, where an electronic control unit could con- 
trol each motor individually to achieve the desired effect. 
[0023] In addition to the above embodiment using par- 
allel connecting rods, a number of alternative embodi- 
ments are possible within the scope of the independent 
claims. Common for the embodiments described below 
is that the steering actuator acts on the wheel hub at a 
position horizontally displaced from the ball joint in a 
plane parallel to the wheel hub. 
[0024] According to a first alternative embodiment the 
steering actuator can act on one end of a controllable 
lever arm having a pivot on the suspension control arm. 
Hence the controllable lever arm acts on a connecting 
rod pivotably connected between the other end of the 
lever arm, at on the opposite side of the pivot, and the 
wheel hub via the ball joint. In this embodiment the ball 
joint is mounted on the control arm by means of an elas- 
tic bushing that allows for both rotation and axial dis- 
placement of the ball joint at the end of the connecting 
rod. (Fig.5) 

[0025] According to a second alternative embodiment 
the steering actuator can act on one end of an interme- 
diate controllable lever arm having a pivot on the sus- 
pension control arm. The intermediate lever arm is pro- 



vided with a teeth along a circular segment, in order to 
transmit a rotary motion to a gear wheel. A connecting 
rod is pivotably attached between the periphery of said 
gear wheel and the ball joint, so that rotation of the gear 
wheel causes a displacement of the ball joint. (Fig.6) 
[0026] According to a third alternative embodiment 
the ball joint is attached to the end of a hydraulic actuator 
that controls the movement of the ball joint in response 
to the steering input from the driver. If the steering ac- 
tuator is hydraulically operated, hydraulic pressure from 
said steering actuator may be used to actuate the hy- 
draulic actuator attached to said ball joint. (Fig.7) 
[0027] In the above examples the connecting rod or 
rods and/or the lever arm can alternatively be replaced 
by screw drives or hydraulic or pneumatic cylinders of 
equal ordiffering stroke, depending on the desired effect 
with respect to turning radius for opposing wheels. Such 
drives or cylinders may be attached to the control arm 
and the wheel hub at pivoting points corresponding to 
those of the connecting rod or rods, when the hub is 
aligned with the longitudinal axis of the vehicle. An elec- 
tronic control means may be used for individual control 
of the respective devices. 

[0028] The solution according to the invention allows 
the turning circle radius to be reduced by moving the 
pivots of the wheels away from interfering components, 
thereby allowing for larger steering angles. By allowing 
differentiated steering angles the turning circle radius 
can be further reduced. In addition, the displacement of 
the wheels, when turned, gives a wider wheel track for 
the steerable wheels, which improves handling of the 
vehicle during cornering. Hence the above solution has 
a positive effect on both the turning circle radius and the 
dynamic handling of the vehicle. 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] In the following text, the invention will be de- 
scribed in detail with reference to the attached drawings. 
These drawings are used for illustration only and do not 
in any way limit the scope of the invention. In the draw- 
ings: 

Figure 1 shows a plan view of a single driven front 
wheel provided with a suspension arrange- 
ment according to the invention; 

Figure 2 shows a front view of a single driven front 
wheel provided with a suspension arrange- 
ment according to the invention; 

Figure 3 shows a frontal view of a single driven front 
wheel provided with an alternative suspen- 
sion arrangement; 

Figure 4 shows a plan view of a suspension arrange- 
ment, with both wheels set at their respec- 
tive maximum wheel angles. 

Figure 5 shows a plan view of a first alternative em- 
bodiment of the suspension arrangement 
according to the invention; 
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Figure 6 shows a plan view of a second alternative 
embodiment of the suspension arrange- 
ment according to the invention; 

Figure 7 shows a plan view of a third alternative em- 
bodiment of the suspension arrangement 
according to the invention; 

Figure 8 shows a hydraulic servo cylinder for control- 
ling the arrangement shown in Figure 7. 

MODES FOR CARRYING OUT THE INVENTION 

[0030] In the following text, the suspension arrange- 
ment for a single wheel is described unless otherwise 
indicated. Also, the terms "outer" and "inner" denotes 
positions of various features in a transverse direction 
relative to a central longitudinal axis of a vehicle. 
[0031] Figure 1 shows a suspension arrangement 
comprising awheel 1 including a tyre and a rim mounted 
on an outer part of a hub 2. The outer hub part 2 is ro- 
tatable, while an inner part 3 is non-rotatable. The outer 
hub part 2 is preferably, but not necessarily, provided 
with a brake disc 4 for co-operation with a brake caliper 
arrangement (not shown). The inner part of the hub 3 is 
provided with an attachment part 5 for a damper ar- 
rangement 6 of the McPherson type. This damper ar- 
rangement is pivotably attached both to the hub, at its 
lower end 6a, and to the vehicle, at its upper end 6b. 
The example shown illustrates a steerable, driven front 
wheel arrangement, whereby the inner part of the hub 
3 is provided with an attachment 7 for a drive shaft 8. 
The outer part of the drive shaft 8 passes through said 
attachment 7 to drive the outer hub part 2, while the inner 
part of the drive shaft 8 is connected to the vehicle trans- 
mission (not shown) via a further attachment 9. 
[0032] The inner part of the hub 3 is further connected 
to a suspension control arm 10 by means of a first ball 
joint 1 1 . The control arm 1 0 is attached to the vehicle at 
an inner pivot 12 and is placed substantially parallel to 
the central longitudinal axis X of the vehicle. The outer 
pivot of the control arm 10 is the ball joint 11 , which is 
attached to the inner part of the hub 3 at position below 
the rotary axis Y of the hub 2, 3 and in a vertical plane 
through said rotary axis Y. A substantially vertical axis 
Z through the first ball joint 11 constitutes the pivot of 
the steerable vehicle wheel. 

[0033] The wheel is controlled by a steering gear ar- 
rangement that will be described with reference to Fig- 
ure 2. This figure shows a front view of the embodiment 
of Figure 1 and where the drive shaft and damper have 
been removed for reasons of clarity. The hub is indicated 
in broken lines for the same reason. The steering gear 
arrangement comprises a servo cylinder 13 that when 
actuated causes a central rod 14 to act on a pair of steer- 
ing linkages on either side of the vehicle. In the example 
shown, the rod acts on an intermediate steering rod 1 5, 
which is pivotably attached to the central rod 14 at an 
inner pivot 1 6 and to a steering arm 1 7 at an outer pivot 
1 8. As can be seen from the figure, the central rod 1 4 is 



positioned transversely, while the steering arm 1 7 is po- 
sitioned substantially parallel relative to the longitudinal 
axis of the vehicle. The steering rod 15 connecting the 
two is placed at angle in a direction outward and forward 
5 relative to the central longitudinal axis of the vehicle, 
thereby creating an Ackerman steering geometry. The 
steering arm 1 7 is pivotably attached to the control arm 
1 0 at a first pivot 1 9 and controls the pivoting movement 
of a lever arm 20. 
10 [0034] According to an alternative embodiment the 
servo cylinder 13 may be replaced by an electric or hy- 
draulic motor acting on the steering arm 17 or directly 
on the lever arm 10. 

[0035] The lever arm 20 is generally V-shaped with 
legs of substantially equal length and with its apex 
placed at said first pivot 19. Both legs extend horizon- 
tally away from the hub 2, 3 and are placed substantially 
symmetrical relative to a vertical plane through the axis 
Y of the wheel 1 . The legs are provided with a second 
and third pivot 21 and 22 respectively, placed in front of 
and behind said vertical plane in the main direction of 
travel of the vehicle. A pair of connecting rods 23, 24 
are connected between said second and third pivots 21 , 
22 and a pair of outer pivots 25, 26 on the inner hub part 
3 on either side of the ball joint 11 . 
[0036] For a stationary vehicle with the steering gear 
arrangement in a neutral, non-actuated position, the 
connecting rods 23, 24 extend substantially parallel in 
a horizontal plane. The outer pivots 25, 26 of the con- 
necting rods 23, 24 and the central ball joint 1 1 are pref- 
erably placed in the same horizontal plane and on an 
axis parallel to the longitudinal axis of the vehicle. 
[0037] In the example shown, all pivots except the first 
pivot 1 9 of the lever arm 20 should allow pivoting move- 
ment in several axes, due to the movement of the sus- 
pension arrangement. In a preferred embodiment, all 
such joints are of the ball and socket type. 
[0038] As can be seen from Figure 2, the ball joint 1 1 
has an attachment part 27 in the form of a rod or bar. 
The attachment part 27 is slidably mounted in a cavity 
28 in the part of the control arm 1 0 extending outwards 
to the hub 2, 3. The slidable mounting comprises a pair 
of generally cylindrical bushings 29, 30 placed adjacent 
the inner and outer ends of said attachment part 27. The 
bushings are preferably made from a suitable rubber or 
elastomeric material, and are clamped, glued or vulcan- 
ised onto the attachment part 27. In order to facilitate 
replacement, they are preferably clamped in place in the 
cavity 28. This arrangement allows movement of the ball 
joint 11 in the axial direction of the rod shaped attach- 
ment part 27, as well as a small movement in any trans- 
verse direction thereof due to the compressive proper- 
ties of the bushings 29, 30. As the vehicle suspension 
is mainly arranged to absorb vertical movements of the 
vehicle wheel, this resilient mounting is particularly use- 
ful for absorbing small movements and shock loads on 
the vehicle wheel in the longitudinal direction of the ve- 
hicle. 
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[0039] Figure 3 shows an alternative suspension ar- 
rangement, wherein an upper, second control arm 1 0a 
is provided in addition to the lower, first control arm 10. 
This upper control arm 10a is pivotable attached be- 
tween the vehicle and the inner part of the wheel hub 3 
at a pair of inner and outer pivots 1 2a, 11a respectively. 
Apart from said upper control arm, the suspension ar- 
rangement is identical to that described in connection 
with Figure 2. 

[0040] The function of the suspension and steering ar- 
rangement will be described with reference to Figure 4. 
fn this figure an arrow indicates the main direction of 
travel of the vehicle. The axis X indicates the central lon- 
gitudinal axis of the vehicle. The wheels 1 are shown at 
their maximum steering angles cc|, Oq at which positions 
they are closest to the inner sections of their respective 
wheel arches A ( , A Q . Actuation of the servo cylinder 
causes the steering linkage 1 4, 1 5, 1 7 to pivot the lever 
arm 20 and turn the respective wheel 1 . As the wheels 
are turned, the ball joint 11 and the adjacent pivots 25, 
26 remain aligned in a first plane perpendicular to the 
rotary axis of the wheel 1 . However, although a similar, 
second plane through the pivots 21 , 22 where the con- 
necting rods 23, 24 are attached to the lever arm 20 will 
be substantially parallel to the latter plane, said second 
does not pass through the pivot 1 9 of the lever arm 20. 
A parallelogram created by the connecting rods 23, 24 
will therefore have the ball joint 1 1 at a position half way 
between one pair of pivots. However, the distance be- 
tween the ball joint 1 1 and its associated pivot 1 9 on the 
lever arm 20 is less than the distance between the ball 
joint 11 and an opposite, virtual point half way between 
the inner pivots 21 ,22 of the connecting rods 23,24. As 
soon as the lever arm 20 is pivoted in either direction, 
the movement transmitted to the hub 2, 3 by the con- 
necting rods 23, 24 will cause the ball joint 11 and its 
attachment part 27 to be pulled outwards in the trans- 
verse direction of the vehicle. The ball joints on both 
sides of the vehicle will be displaced a small distance 
D|, D G from their equilibrium, or no-load positions in the 
slidable mountings 27, 29. The amount of movement is 
proportional to the respective lengths of and angle be- 
tween the legs of the lever arm 20. The arrangement is 
preferably symmetrical on both sides of a vertical plane 
through the ball joint 1 1 and the pivot 1 9 of the lever arm 
20. 

[0041] According to a preferred embodiment, it is de- 
sirable to enable a somewhat larger wheel angle a, for 
the inner wheel. During turning operations the inner and 
outer wheels will be placed at different radii relative to 
an imaginary centre point. In order to reduce tyre wear 
it is advantageous to give the inner wheel a greater 
steering angle ci| than the steering angle a G of the outer 
wheel (a,, > a Q ). Preferably, this is achieved by means 
of the steering gear and steering rod geometry de- 
scribed above, using the Ackerman principle. 
[0042] According to an alternative embodiment the 
differentiating effect between the inner and outer wheels 



is achieved by extending the front connecting rod 23, 
which also entails a modification of the length of the cor- 
responding leg and/or angle between the legs of the le- 
ver arm 20. 

5 [0043] For the current example the values of inner and 
outer steering wheel angles a ( , a Q are preferably select- 
ed within the ranges 35°< ot| <50° and 30°< ccq <40° 
respectively. The inner and outer displacements D (l D Q 
of the respective ball joints are preferably selected with- 

10 in the ranges 8 mm > D, >1 5 mm and 5 mm> D, >1 2 mm 
respectively. 

[0044] As can be seen from Figure 4, the inner sec- 
tions of the wheel arches A,, A Q have been enlarged to 
the rear of the wheel axis, in order to accommodate for 

15 the additional movement of the current inner wheel. 
[0045] In both the above cases the vehicle track width 
is increased by the combined distances of the inner and 
the outer displacements (D, +D Q ). This contributes to an 
improvement in the dynamic handling of the vehicle dur- 

20 jng cornering. 

[0046] According to a further preferred embodiment, 
the attachment points of the ball joint 11 and the con- 
necting rods 23, 24 ensures that the displacement of the 
ball joint 11 also causes an increased camber angle p, 

25 of the vehicle wheel (see Fig. 2). As the ball joint 11 is 
preferably attached to a suspension control arm 10 at- 
tached to the wheel hub 2, 3 below the axis Y of the 
wheel, a displacement of the ball joint 11 around a pivot 
located at a pivotable attachment point for the upper end 

30 6b of the suspension member The outward movement 
of the ball joint 11 will increase the camber angle P| of 
the vehicle wheel 1 . This will contribute further to the 
improved handling characteristics during cornering. 
[0047] For the embodiment of Figure 3, the pivot con- 

35 trolling the camber angle is instead located at the inner 
attachment point 12a of the upper, second control arm 
10a. The outward movement of the ball joint 11 will in- 
crease the camber angle p 2 of tne vehicle wheel 1 . As 
the distance between the pivot 12a and the ball joint 11 

40 is shorter (see Fig. 2), a displacement of equal size of 
the ball joint 11 will result in a larger camber angle p 2 
compared to the previous example. 
[0048] The function of a first alternative embodiment 
of the suspension and steering arrangement will be de- 

45 scribed with reference to Figure 5. In this figure an arrow 
indicates the main direction of travel of the vehicle. The 
wheel 1 is shown at its maximum inner steering angle 
a,. Actuation of the servo cylinder 1 3 causes the steering 
linkage 14, 15, 16 to act on a steering connecting rod 

so 31 pivotably connected to a pivot 1 8 at the outer end of 
the steering linkage 15 and to a pivot 32 on the hub 2, 
3, in order to turn the respective wheel 1. The pivot 18 
at said outer end of the steering linkage 15 is further 
connected to one end of a lever arm 33 having a first 

55 pivot 34 attached to the control arm 10. 

[0049] The lever arm 33 is generally V-shaped with 
legs of substantially equal length and with its apex 
placed at said first pivot 34. A first leg 35 is pivotably 
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connected to the pivot 1 8 on the steering linkage and a 
second leg 36 is pivotably connected to a pivot 37 at the 
inner end of a connecting rod 38. The outer end of said 
connecting rod 38 is connected to the wheel hub 2, 3 
via the ball joint 1 1 , which is attached to the outer end 5 
of the control arm 1 0 by means of an elastic bushing 39. 
For a stationary vehicle with the steering gear arrange- 
ment in a neutral, non-actuated position, the first leg 35 
is positioned in the general direction of the longitudinal 
axis of the vehicle, while the second leg is positioned at 
substantially right angles to said axis X in a vertical plane 
for a transverse axis Y through the ball joint 1 1 . In this 
position the connecting rod 38 extends substantially 
parallel to the second leg 36 and in the same vertical 
plane for the axis Y (see 37', 38'; indicated with dotted 
lines in Fig. 5). The steering connecting rod 31 , the lever 
arm 33 and the connecting rod 38 are positioned sub- 
stantially in the same horizontal plane. 
[0050] When the steering linkage is actuated to dis- 
place the wheel 1 to its maximum inner steering angle 
CC|, then the lever arm 33 will be rotated an angle p, about 
its pivot 34. A suitable angle of rotation to achieve the 
maximum angle of rotation can be 40°< p, <60°, prefer- 
ably around 50°. As the inner end of the connecting rod 

38 moves along the arc described the pivot 37 the ball 
joint 11 will be simultaneously rotated and displaced in 
the bushing 39. The resilient properties of the bushing 

39 are chosen to allow the outer end of the connecting 
rod 38 to be both rotated and displaced in the direction 
of the transverse Y-axis. However, movement in the lon- 
gitudinal direction of the vehicle is limited and will in gen- 
eral only allow for shock absorption. This is preferably 
achieved by placing resilient elements in front of and be- 
hind the attachment point of the connecting rod, as 
shown in Figure 5. However, a single bushing with var- 
ying properties can also be used. Such a bushing would 
be include a relatively soft material in the inner and outer 
regions, and a relatively hard material in the front and 
rear regions of said bushing. 

[0051 ] The total transverse displacement, in this case 
the inner displacement D,, will be equal to the distance 
between the pivot 37' in the neutral position of the con- 
necting rod 38' and the position of the rotated pivot 37 
when projected onto the transverse axis Y. 
[0052] A similar displacement will take place for the 
opposite, outer wheel. In this case the linkage will be a 
mirror image of the arrangement shown in Figure 5. The 
configuration of the steering linkage 14,15,16 will cause 
a smaller steering angle ct 0 for the outer wheel, as de- 
scribed above in connection with the Ackerman princi- 
ple. Consequently the angle of rotation p G of the lever 
arm 33 and the resulting displacement D Q will be corre- 
spondingly smaller. 

[0053] The function of a second alternative embodi- 
ment of the suspension and steering arrangement will 
be described with reference to Figure 6. In this figure an 
arrow indicates the main direction of travel of the vehi- 
cle. The wheel 1 is shown at its maximum outer steering 



angle Oq. Actuation of the servo cylinder 1 3 causes the 
steering linkage 1 4, 1 5, 1 6 to act on a steering connect- 
ing rod 31 pivotably connected to a pivot 1 8 at the outer 
end of the steering linkage 15 and to a pivot 32 on the 
hub 2, 3, in order to turn the respective wheel 1 . The 
pivot 18 at said outer end of the steering linkage 15 is 
further connected to one end of a lever arm 40 having 
a first pivot 41 attached to the control arm 1 0. 
[0054] The lever arm 40 is generally Y-shaped having 
a first section, or leg 42 pivotably connected to the pivot 
18 on the steering linkage. The first pivot 41 placed in a 
transitional area between the first section 42 and a sec- 
ond section 43 having the general shape of a sector of 
a circle 44. The circular end part 44 of the second sec- 
tion 43 comprises a toothed arc positioned at a fixed ra- 
dius r f rom the first pivot 41 . The toothed arc co-operates 
with a gear wheel 45 that is rotatable about a substan- 
tially vertical axis 46, positioned in a vertical plane for 
the transverse axis Y through the ball joint 11 at right 
angles to a longitudinal axis X of the vehicle. The inner 
end of a connecting rod 47 is pivotably attached to a 
second pivot 48 at the periphery of said gearwheel 45. 
The outer end of said connecting rod 47 is connected to 
the wheel hub 2, 3 via the ball joint 1 1 , which is attached 
to the outer end of the control arm 10 by means of an 
elastic bushing 49. For a stationary vehicle with the 
steering gear arrangement in a neutral, non-actuated 
position, a central axis Z through the first and second 
sections 42, 43 is positioned in the general direction of 
the longitudinal axis of the vehicle. In this position the 
connecting rod 47 extends substantially at right angles 
to the central axis Z, in the said vertical plane for the 
axis Y (see 47'; indicated with dotted lines in Fig. 6). The 
steering connecting rod 31 , the lever arm 40 and the 
connecting rod 47 are positioned substantially in the 
same horizontal plane. 

[0055] When the steering linkage is actuated to dis- 
place the wheel 1 to its maximum outer steering angle 
a G> then the lever arm 40 will be rotated an angle p Q 
about its pivot 34. This angle of rotation p G is selected 
to achieve a maximum rotation of 90° for the gearwheel 
45. The radius r of the end part 44 of the second section 
43 and the diameter of the gearwheel 45 may be varied 
to give this end result.. As shown in Figure 6, rotation of 
the gear wheel 45 moves the inner pivot 48 and the con- 
necting rod 47 from a neutral position (see 47'; indicated 
with dotted lines) to an active position, whereby the ball 
joint is displaced outwards a distance D Q . The maximum 
displacement possible by means of a quarter revolution 
of the gear wheel is the distance the axis 46 of the gear 
wheel and the inner pivot 48 of the connecting rod 47, 
which corresponds to the inner displacement D,. The 
Ackerman-principle as described above will give a cor- 
respondingly smaller outer displacement D 0 , due to the 
smaller outer steering angle a^ As the inner end of the 
connecting rod 47 is moved by the gearwheel , the ball 
joint 11 will be simultaneously rotated and displaced in 
a bushing 49 between the connecting rod 47 and the 
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control arm 10. The resilient properties of the bushing 
49 are chosen to allow the outer end of the connecting 
rod 47 to be both rotated and displaced in the direction 
of the transverse Y-axis. However, movement in the lon- 
gitudinal direction of the vehicle is limited and will in gen- 
eral only allow for shock absorption. This is preferably 
achieved by placing resilient elements in front of and be- 
hind the attachment point of the connecting rod 47, as 
shown in Figure 6. As stated above, alternative embod- 
iments of said bushing 49 are also possible. 
[0056] The function of a third alternative embodiment 
of the suspension and steering arrangement will be de- 
scribed with reference to Figure 7. In this figure an arrow 
indicates the main direction of travel of the vehicle. The 
wheel 1 is shown at its maximum inner steering angle 
0|. Actuation of the servo cylinder 1 3 causes the steering 
linkage 14, 15, 16 to act on a steering connecting rod 
31 pivotably connected to a pivot 1 8 at the outer end of 
the steering linkage 15 and to a pivot 32 on the hub 2, 
3, in order to turn the respective wheel 1 . The schemat- 
ically illustrated main servo cylinder 13 is provided with 
a first chamber 50, a second chamber 51 and a piston 

52 separating said chambers 50, 51 . The main servo 
cylinder 13 is connected to an auxiliary servo cylinder 

53 that controls the displacement of a connecting rod 
54. Said first chamber 50 in the main servo cylinder is 
connected by a first conduit 55 to a first auxiliary cham- 
ber 56 in the auxiliary servo cylinder. Similarly, the sec- 
ond chamber 51 in the main servo cylinder is connected 
by a second conduit 57 to a second auxiliary chamber 
58 in the auxiliary servo cylinder. The first and second 
chambers 56, 58 in the auxiliary servo cylinder are sep- 
arated by a piston 59, attached to the inner end of the 
connecting rod 54. The outer end of the connecting rod 
is attached to the ball joint 11 , which is pivotably con- 
nected to the hub 2, 3 of the wheel 1 and attached to 
the outer end of the control arm 1 0 by means of an elas- 
tic bushing 60. The inner end 61 of the auxiliary servo 
cylinder 53 is attached to the inner end of the control 
arm 10 by means of a resilient mounting 62. This resil- 
ient mounting 62 is arranged to absorb vibrations 
caused by longitudinal and transverse movements of 
the connecting rod 54. However, the mounting 62 should 
not yield under forces induced by actuation of the aux- 
iliary servo cylinder 53. The general design, as well as 
various embodiments, of the elastic bushing 60 has 
been described above. 

[0057] When the main servo cylinder is actuated to 
turn the wheel to its maximum inner steering angle <Xj, 
as shown in Figure 7, the auxiliary servo cylinder is au- 
tomatically actuated. The piston 52 is displaced with the 
steering linkage as a piston rod 63 in the main servo 
cylinder 13 is actuated. The piston 52 acts on the sub- 
stantially incompressible fluid in the first cylinder 50, 
forcing said fluid through the first conduit 55 into the first 
auxiliary chamber 56. The displaced fluid acts on the 
piston 59, whereby the conneting rod 54 is moved out- 
ward a predetermined distance, or inner displacement. 



At the same time, fluid from the second auxiliary cham- 
ber 58, displaced by the piston 59, is drained through 
the second conduit 57 into the second chamber 51 in 
the servo cylinder. When the wheel is returned to its neu- 
5 tral, non-actuated position, both pistons 52, 59 are re- 
turned to their respective initial positions, where the 
pressure in the fluid is equal on both sides of the respec- 
tive piston. 

[0058] The dimensions of the second servo cylinder 
10 are selected to give a desired displacement of the con- 
necting rod on both sides of the vehicle. As the operation 
of the auxiliary servo cylinder and its connecting rod is 
dependent on the pressure of the displaced fluid in the 
main servo cylinder, there is no mechanical connection 
15 between the steering linkage and the connecting rod. 
Hence it is possible to design the suspension arrange- 
ment for equal inner and outer displacement D,, D Q . 
[0059] Figure 8 shows an alternative embodiment of 
the hydraulic circuits in a hydraulically operated ar- 
20 rangement. In this figure, the auxiliary cylinders 53, 53' 
are identical to the cylinder described in Figure 7 and 
are provided with the same reference numerals. The on- 
ly difference being that the second conduits 57, 57' have 
been joined and connected to a common second cham- 
25 ber 64, or drain by a conduit 65. Figure 8 shows the ar- 
rangement in its neutral non-actuated position. As the 
arrangement is identical but reversed on either side of 
a centre line through said common second chamber 64, 
only one side of the arrangement will be described be- 
so low. 

[0060] In Figure 8 the main servo cylinder has a 
through piston rod 66 provided with a first and second 
step 67, 68 defining a section having a reduced diameter 
on either side of a central section 69 in a main cavity of 

35 the servo cylinder. Located in contact with the first step 
67, that faces away from the central section 69, is a first 
piston 70 that is slidable relative to the reduced diameter 
section. This first piston 70 has a substantially cylindrical 
shape with a radially extending section 71 , 72 at either 

40 end. The first radially extending section 71 is spring 
loaded towards the f i rst step 67 adjacent the central sec- 
tion by means of a spring 73 located between said first 
radial section 71 and a first radial step 74 in the inner 
cavity of the servo cylinder. Enclosed between the first 

45 radial section 71 and its opposed mirror image 71 ' at the 
other side of the central section is the said second cham- 
ber 64 that is connected to the common conduit 65 and 
acts as a drain for the auxiliary cylinders. The second 
radially extending section 72 extends into a further cav- 

50 ity of the servo cylinder and is in contact with a second 
radial step 75 in the inner cavity, facing away from the 
central section 69. Opposing the second radially extend- 
ing section 72 is a separate piston 76 slidable relative 
to the reduced diameter section and in contact with a 

55 third radial step 77 in the inner cavity, facing towards the 
central section 69. Enclosed between the second radial 
section 72 and the separate piston 76 is a chamber 78 
connected through the conduit 55 to the first chamber 
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56 of the auxiliary cylinder. 

[0061 ] In operation, actuation of the servo cylinder 1 3 
causes a displacement of the through piston rod 66, for 
instance to the left in Figure 8. The first step 67 on the 
piston rod 66 will displace the first piston 70 to the left 
against the force of the spring 73. This displaced the 
second radial section 72 towards the separate piston 76 
thereby compressing the fluid in the chamber 78 and 
forcing it into the first chamber 56 of the auxiliary cylin- 
der. Simultaneously, at the opposite side of the central 
section 69, the second step 68" on the piston rod 66 will 
displace the separate piston 76' to the left. The second 
radially extending section 72' of the corresponding first 
piston will be held stationary by the second step 77' in 
the internal cavity. Hence, the separate piston 76' will 
compress the fluid in the chamber 78', forcing it into the 
first chamber 56' of the auxiliary cylinder. The lower half 
of Figure 8 shows the rod 66 and the pistons 70, 70' and 
76, 76' in their displaced positions. 
[0062] The compression the fluid in the chambers 56, 
56' causes the connecting rods 54, 54' to be displaced 
outwards and increase the wheel track. Fluid displaced 
by the pistons 59, 59' will flow from the second chambers 
58, 58' and through the respective conduits 57, 57' and 
common conduit 65 into the common drain chamber 64. 
[0063] The arrangement according to the invention is 
not limited to the above embodiments, but may be varied 
within the scope of the appended claims. 



Claims 

1 . Method for wheel track adjustment for a steerable 
vehicle wheel arrangement, which arrangement in- 
cludes a steering actuator, a steering actuating 
mechanism for transferring steering movements 
from the steering actuator and a wheel hub (2, 3), 
a control arm (10) pivotably attached to the vehicle 
at a first end and is provided with a ball joint (11) 
that is pivotably attached to the wheel hub (2, 3) at 
a second end, characterized in that actuation of 
the steering actuating mechanism (13, 14, 16) 
causes a displacement of the ball joint (11) a pre- 
determined distance along an axis substantially 
transverse to a central longitudinal axis (X) of the 
vehicle, which distance is proportional to a vehicle 
wheel steering angle (a,, a Q ). 

2. Method according to claim 1 , characterized in that 
the displacement of the ball joint (11) increases as 
the steering angle (a|, Oq) is increased. 

3. Method according to claim 1 , characterized in that 

actuation of the steering actuator causes a dis- 
placement of the ball joint (11) in a direction away 
from the central longitudinal axis (X). 

4. Method according to claim 1 , characterized in that 



the steering actuator acts on a controllable lever 
arm (20, 33, 40) rotatable about a pivot (19, 34, 41 ) 
on the suspension control arm (10). 

5 5. Method according to claim 4, characterized in that 
the controllable lever arm (20) acts on a pair of con- 
necting rods (23, 24) pivotably connected to the le- 
ver arm (20) on opposite sides of the pivot (19) of 
the lever arm (20) and to the wheel hub (2, 3) on 

10 opposite sides of the ball joint (11). 

6. Method according to claim 1 , characterized in that 

the steering actuator acts on one end of a control- 
lable lever arm (20, 33, 40) having a pivot (19, 34, 
15 41) on the suspension control arm (10). 

7. Method according to claim 6, characterized in that 
the controllable lever arm (20) acts on at least one 
connecting rod (23, 24) pivotably connected be- 

20 tween the lever arm (20) on the opposite side of the 
pivot (1 9) of the lever arm (20) and to the ball joint 
(11). 

8. Method according to claim 6, characterized in that 

25 the steering actuator acts on a steering connecting 
rod the wheel hub (2, 3) at a position horizontally 
displaced from the ball joint (11). 

9. Method according to claim 8, characterized in that 

30 the steering connecting rod acts on the wheel hub 
at a position horizontally displaced from the ball joint 
(11). 

10. Method according to claim 9, characterized in that 
35 the lever arm (40) transmits a rotary motion to a 

gearwheel (45) to actuate a connecting rod (47) at- 
tached to said ball joint (11). 

11. Method according to claim 9, characterized in that 
40 the steering actuator is hydraulically operated and 

that hydraulic pressure from said steering actuator 
is used to actuate a hydraulic actuator (53) attached 
to said ball joint (11). 

45 12. Method according to any of the above claims, char- 
acterized in that the displacement of the ball joint 
(11) also causes an increased negative camber an- 
gle (p). 

50 13. Method according to claim 2, characterized in 
that, when the steering linkage is actuated, the ball 
joint (11) of an inner wheel is displaced a greater 
distance than that of an outer wheel. 

55 14. Suspension arrangement for a steerable vehicle 
wheel which suspension includes a first control arm 
(1 0) having an inner end attached to the vehicle and 
pivotable around an axis substantially parallel to a 
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arm (10). 

24. Suspension arrangement according to claim 20, 
characterized in that one end of said lever arm is 
5 connected to a connecting rod (23, 24) pivotably at- 
tached to the wheel hub (2, 3) by means of the ball 
joint (11). 



longitudinal axis (X) of the vehicle and an outer end 
pivotably connected to a wheel hub (2, 3) via a ball 
joint (11), and a further suspension member (6) at- 
tached between the vehicle and the wheel hub (2, 
3) and arranged to absorb and dampen vertical 
movement of said vehicle wheel, characterized in 
that the ball joint (1 1 ) is arranged to be displaced a 
predetermined distance along an axis substantially 
transverse to the longitudinal axis (X) of the vehicle, 
which distance is proportional to a vehicle wheel 
steering angle (a,, a Q ). 

15. Suspension arrangement according to claim 14, 
characterized in that the bail joint (1 1 ) is arranged 
to be axially slidable relative to the control arm (1 0). 

16. Suspension arrangement according to claim 14, 
characterized in that the greatest displacement of 
the ball joint (1 1 ) occurs at maximum steering angle 
(<*!, « 0 )- 

17. Suspension arrangement according to claim 14, 
characterized in that, during a turning operation, 
the ball joint (11) of an inner wheel is arranged to 
be displaced a greater distance than that of an outer 
wheel. 



25. Suspension arrangement according to claim 24, 
10 characterized in that the end of the connecting rod 

attached to the wheel hub (2, 3) is resiliently mount- 
ed on the suspension arm (1 0). 

26. Suspension arrangement according to claim 24, 
15 characterized in that the lever arm (40) transmits 

a rotary motion to a gear wheel (45) to actuate a 
connecting rod (47) attached to said ball joint (11). 

27. Suspension arrangement according to claim 20, 
20 characterized in that the lever arm (20) is control- 
led by a vehicle steering gear actuator (14). 

28. Suspension arrangement according to claim 14, 
characterized in that the displacement of the ball 

25 joint (11) is controlled by a hydraulic actuator (53) 
mounted on the suspension control arm (10). 



18. Suspension arrangement according to claim 14, 
characterized in that the displacement of the ball 
joint (11 ) is arranged to increase the wheel track of 
the steerable wheels. 

19. Suspension arrangement according to claim 14, 
characterized in that the displacement of the ball 
joint (11) is arranged to cause a negative vehicle 
wheel camber angle (P). 

20. Suspension arrangement according to claim 14, 
characterized in that the displacement of the ball 
joint (11) is controlled by a controllable lever arm 
(20, 33, 40) that is rotated about a pivot (1 9, 34, 41 ) 
on the suspension control arm (10). 

21. Suspension arrangement according to claim 20, 
characterized in that either end of said lever arm 
is connected to a pair of connecting rods (23, 24) 
pivotably attached to the wheel hub (2, 3) on either 
side of the ball joint (11). 

22. Suspension arrangement according to claim 21, 
characterized in that the connecting rods (23, 24) 
have a length between their respective pivots that 
exceeds the distance between the pivot of the lever 
arm (20) and the ball joint (11). 

23. Suspension arrangement according to claim 22, 
characterized in that the ball joint (1 1 ) is arranged 
to be axially slidable in the outer end of the control 



29. Suspension arrangement according to claim 28, 
characterized in that the hydraulic actuator is ar- 

30 ranged to be operated by hydraulic pressure from 
a servo steering unit. 

30. Steering linkage arrangement for controlling a ve- 
hicle wheel, which arrangement includes a steering 

35 actuator, a steering actuating mechanism for trans- 
ferring steering movements from the steering actu- 
ator and a wheel hub (2, 3), a control arm (10) piv- 
otably attached to the vehicle at a first end and is 
provided with a ball joint (11) that is pivotably at- 
40 tached to the wheel hub (2, 3) at a second end, 
characterized in that the ball joint (1 1 ) is displace- 
able a predetermined distance along an axis sub- 
stantially transverse to the longitudinal axis (X) of 
the vehicle, which distance is proportional to a ve- 
45 hide wheel steering angle (a h a Q ). 

31. Steering linkage arrangement according to claim 

30, characterized in that the greatest displace- 
ment of the ball joint (11 ) occurs at maximum steer- 

50 ing angle (ct|, ocq). 

32. Steering linkage arrangement according to claim 

31, characterized in that, when the steering link- 
age is actuated, the bail joint (1 1 ) of an inner wheel 

55 is displaced a greater distance than that of an outer 
wheel. 

33. Steering linkage arrangement according to claim 
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30, characterized in that the displacement of the 
ball joint (1 1 ) is arranged to increase the wheel track 
of the steerable wheels. 

34. Steering linkage arrangement according to claim 5 
33, characterized in that the displacement of the 
ball joint (11) is arranged to cause a negative vehi- 
cle wheel camber angle (p). 

35. Steering linkage arrangement according to claim 10 
30, characterized in that the steering actuator is 
arranged to act on a controllable lever arm (20, 33, 

40) rotatable about a pivot (1 9, 34, 41 ) on the sus- 
pension control arm (10). 

15 

36. Steering linkage arrangement according to claim 

35, characterized in that the controllable lever arm 
(20) is arranged to act on a pair of connecting rods 
(23, 24) pivotably connected to the lever arm (20) 

on opposite sides of the pivot (19) of the lever arm 20 
(20) and to the wheel hub (2, 3) on opposite sides 
of the ball joint (11). 

37. Steering linkage arrangement according to claim 

36, characterized in that the connecting rods (23, 25 
24) have a length between their respective pivots 
that exceeds the distance between the pivot of the 
lever arm (20) and the ball joint (11). 

38. Steering linkage arrangement according to claim 30 

37, characterized in that the transverse axis inter- 
secting the ball joint (11) also intersects the pivot of 
the lever arm (20). 

39. Steering linkage arrangement according to claim 35 
30, characterized in that the steering actuator is 
arranged to act on one end of a controllable lever 
arm (20, 33, 40) having a pivot (19, 34, 41) on the 
suspension control arm (10). 

40 

40. Steering linkage arrangement according to claim 
39, characterized in that the controllable lever arm 
(20) is arranged to act on at least one connecting 
rod (23, 24) pivotably connected to the lever arm 
(20) on the opposite side of the pivot (1 9) of the lever 45 
arm (20) and on the wheel hub (2, 3) via the ball 
joint (11). 

41. Steering linkage arrangement according to claim 

35, characterized in that the steering actuator is so 
arranged to act on a steering connecting rod the 
wheel hub (2, 3 at a position horizontally displaced 
from the ball joint (11). 

42. Steering linkage arrangement according to claim 55 
41 , characterized in that the steering connecting 

rod is attached to the wheel hub at a position hori- 
zontally displaced from the ball joint (11). 



43. Steering linkage arrangement according to claim 
42, characterized in that the lever arm (40) is ar- 
ranged to transmit a rotary motion to a gear wheel 
(45) to actuate a connecting rod (47) attached to 
said ball joint (11). 

44. Steering linkage arrangement according to claim 
42, characterized in that the steering actuator is 
hydraulically operated and that hydraulic pressure 
from said steering actuator is arranged to actuate a 
hydraulic actuator (53) attached to said ball joint 
(11). 



Amended claims in accordance with Rule 86(2) EPC. 

1 . Method for wheel track adjustment for a steerable 
vehicle wheel arrangement, which arrangement in- 
cludes a steering actuator, a steering actuating 
mechanism for transferring steering movements 
from the steering actuator and a wheel hub (2, 3), 
a control arm (10) pivotably attached to the vehicle 
at a first end and is provided with a ball joint (11) 
that is pivotably attached to the wheel hub (2, 3) at 
a second end, characterized in that actuation of 
the steering actuating mechanism (13, 14, 16) 
causes a displacement of the ball joint (11) a pre- 
determined distance along an axis substantially 
transverse to a central longitudinal axis (X) of the 
vehicle, which distance is proportional to a vehicle 
wheel steering angle (<X|, a 0 )> and that the steering 
actuator acts on a controllable lever arm (20, 33, 
40) rotatable about a pivot (19, 34, 41) on the sus- 
pension control arm (10), wherein the controllable 
lever arm (20) acts on a pair of connecting rods (23, 
24) pivotably connected to the lever arm (20) on op- 
posite sides of the pivot (19) of the lever arm (20) 
and to the wheel hub (2,3) on opposite sides of the 
ball joint (11). 

2. Method according to claim 1 , characterized in 

that the displacement of the ball joint (11) increases 
as the steering angle (a,, a Q ) is increased. 

3. Method according to claim 1 , characterized in 
that actuation of the steering actuator causes a dis- 
placement of the ball joint (11) in a direction away 
from the central longitudinal axis (X). 

4. Method according to claim 1 , characterized in 
that the steering actuator acts on one end of a con- 
trollable lever arm (20, 33, 40) having a pivot (19, 
34, 41) on the suspension control arm (10). 

5. Method according to claim 4, characterized in 
that the controllable lever arm (20) acts on a pair of 
connecting rods (23, 24) pivotably connected be- 
tween the lever arm (20) on opposite sides of the 
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pivot (1 9) of the lever arm (20) and to the ball joint 
(11). 

6. Method according to claim 4, characterized in 
that the steering actuator acts on a steering con- 5 
necting rod the wheel hub (2, 3,) at a position hori- 
zontally displaced from the ball joint (11). 

7. Method according to claim 6, characterized in 
that the steering connecting rod acts on the wheel 10 
hub at a position horizontally displaced from the ball 
joint (11). 

8. Method according to claim 7, characterized in 
that the lever arm (40) transmits a rotary motion to ^ 
a gear wheel (45) to actuate a connecting rod (47) 
attached to said ball joint (11). 

9. Method according to claim 8, characterized in 
that the steering actuator is hydraulically operated 20 
and that hydraulic pressure from said steering ac- 
tuator is used to actuate a hydraulic actuator (53) 
attached to said ball joint (11 ). 

10. Method according to any of the above claim , 25 
characterized in that the displacements of the ball 
joint (11 ) also causes an icreased negative camber 
angle (p). 

11. Method according to claim 2, characterized in 30 
that, when the steering linkage is actuated, the ball 
joint (11) of an inner wheel is displaced a greater 
distance than that of an outer wheel. 

12. Suspension arrangement for wheel track adjust- 35 
ement of a steerable vehicle wheel which suspen- 
sion includes a first control arm (10) having an inner 
end attached to the vehicle and pivotable around an 
axis substantially parallel to a longitudinal axis (X) 

of the vehicle and an outer end pivotably connected 40 
toawheel hub (2, 3) via a ball joint (1 1 ), andafurther 
suspension member (6) attached between the ve- 
hicle and the wheel hub (2, 3) and arranged to ab- 
sorb and dampen vertical movement of said vehicle 
wheel, characterized in that the ball joint (11) is 45 
arranged to be displaced a predetermined distance 
along an axis substantially transverse to the longi- 
tudinal axis (X) of the vehicle, which distance is pro- 
portional to a vehicle wheel steering angle (a h a Q ), 
and that the displacement of the ball joint (11) is 50 
controlled by a controllable lever arm (20, 33, 40) 
that is rotated about a pivot (1 9, 34, 41 ) on the sus- 
pension control arm (1 0), wherein either end of said 
lever arm is connected to a pair of connecting rods 
(23, 24) pivotably attached to the wheel hub (2, 3) 55 
on either side of the ball joint (11). 

13. Suspension arrangement according to claim 1 2, 



characterized in that the ball joint (1 1 ) is arranged 
to be axially slidable relative to the control arm (1 0). 

1 4. Suspension arrangement according to claim 12, 
characterized in that the greatest displacement of 
the ball joint (1 1 ) occurs at maximum steering angle 
(<X|. oo)- 

1 5. Suspension arrangement according to claim 12, 
characterized in that during a turning operation, 
the ball joint (11) of a inner wheel is arranged to be 
displaced a greater distance than that of an outer 
wheel. 

16. Suspension arrangement according to claim 12, 
characterized in that the displacement of the ball 
joint (11) is arranged to increase the wheel track of 
the steerable wheels. 

1 7. Suspension arrangement according to claim 1 2, 
characterized in that the displacement of the ball 
joint (11) is arranged to cause a negative vehicle 
wheel camber angle (p). 

1 8. Suspension arrangement according to claim 12, 
characterized in that the connecting rods (23, 24) 
have a lengh between their respective pivots that 
exceeds the distance between the pivot of the lever 
arm (20) and the ball joint (11). 

19. Suspension arrangement according to claim 18, 
characterized in that the ball joint (11) is arranged 
to be axially slidable in the outer end of the control 
arm (10). 

20. Suspension arrangement according to claim 18, 
characterized in that one end of said lever arm is 
connected to a connecting rod (23, 24) pivotably at- 
tached to the wheel hub (2, 3) by means of the ball 
joint (11). 

21 . Suspension arrangement according to claim 20, 
characterized in that the end of the connecting rod 
attached to the wheel hub (2, 3) is resiliently mount- 
ed on the suspension arm (1 0). 

22. Suspension arrangement according to claim 20, 
characterized in that the lever arm (40) transmits 
a rotary motion to a gear wheel(45) to actuate a con- 
necting rod (47) attached to said ball joint (11). 

23. Suspension arrangement according to claim 18, 
characterized in that the lever arm (20) is control- 
led by a vehicle steering gear actuator (14). 

24. Suspension arrangement according to claim 1 2, 
characterized in that the displacement of the ball 
joint (11) is controlled by a hydraulic actuator (53) 
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mounted on the suspension control arm (10). 

25. Suspension arrangement according to claim 24, 
characterized in that the hydraulic actuator is ar- 
ranged to be operated by hydraulic pressure from 5 
a servo steering unit. 

26. Steering linkage arrangement for wheel track 
adjustement of a vehicle wheel, which arrangement 
includes a steering actuator, a steering actuating 10 
mechanism for transferring steering movements 
from the steering actuator and a wheel hub (2, 3), 

a control arm (1 0) pivotably attached to the vehicle 
at a first end and is provided with a ball joint (11) 
that is pivotably attached to the wheel hub (2, 3) at 15 
a second end, characterized in that the ball joint 
(1 1 ) is displaceable a predetermined distance along 
an axis substantially transverse to the longitudinal 
axis (X) of the vehicle, which distance is proportion- 
al to a vehicle wheel steering angle (a h a 0 ), and 20 
that the steering actuator is arranged to act on one 
of a controllable lever arm (20, 33, 40) having a pivot 
(19, 34, 41) on the suspension control arm (10), 
wherein the controllable lever arm (20) is arranged 
to act on at least one connecting rod (23, 24) pivot- 25 
ably connected to the lever arm (20) on the opposite 
side of the pivot (19) of the lever arm (20) and on 
the wheel hub (2, 3) via the ball joint (11). 

27. Steering linkage arrangement according to 30 
claim 26, characterized in that the greatest dis- 
placement of the ball joint (11) occurs at maximum 
steering angle (a|, a Q ). 



A1 24 

ver arm (20) is arranged to act on a pair of connect- 
ing rods (23, 24) pivotably connected to the lever 
arm (20) on opposite sides of the pivot (19) of the 
lever arm (20) and to the wheel hub (2, 3) on oppo- 
site sides of the ball joint (11). 

33. Steering linkage arrangement according to 
claim 32, characterized in that the connecting rods 
(23, 24) have a length between their respective piv- 
ots that exceeds the distance between the pivot of 
the lever arm (20) and the ball joint (11). 

34. Steering linkage arrangement according to 
claim 33, characterized in that the transverse axis 
intersecting the ball joint (11) also intersects the piv- 
ot of the lever arm (20). 

35. Steering linkage arrangement according to 
claim 31 , characterized in that the steering actu- 
ator is arranged to act on a steering connecting rod 
the wheel hub (2, 3 at a position horizontally dis- 
placed from the ball joint (11). 

36. Steering linkage arrangement according to 
claim 26, characterized in that the steering con- 
necting rod is attached to the wheel hub at the po- 
sition horizontally displaced from the ball joint (11). 

37. Steering linkage arrangement according to 
claim 36, characterized in that the lever arm (40) 
is arranged to transmit a totary motion to a gear 
wheel (45) to actuate a connecting rod (47) at- 
tached to said ball joint (11 ). 



28. Steering linkage arrangement according to 35 
claim 27, characterized in that, when the steering 
linkage is actuated, the ball joint (11) of an inner 
wheel is displaced a greater distance than that of 

an outer wheel. 

40 

29. Steering linkage arrangement according to 
claim 26, characterized in that the displacement 
of the ball joint (11) is arranged to increase the 
wheel track of the steerable wheels. 

45 

30. Steering linkage arrangement according to 
claim 29, characterized in that the displacement 
of the ball joint (1 1 ) is arranged to cause a negative 
vehicle wheel camber angle (fj). 

50 

31. Steering linkage arrangement according to 
claim 26, characterized in that the steering actu- 
ator is arranged to act on a controllable lever arm 
(20, 33, 40) rotatable about a pivot (19, 34, 41) on 

the suspension control arm (10). 55 



38. Steering linkage arrangement according to 
claim 36 , characterized in that the steering actu- 
ator is hydraulically operated and that hydraulic 
pressure from said steering actuator is arranged to 
actuate a hydraulic actuator (53) attached to said 
ball joint (11). 



32. Steering linkage arrangement according to 
claim 31 , characterized in that the controllable le- 
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